β-catenin fluctuates in mouse ESCs and is essential for Nanog-mediated reprogramming of somatic cells to pluripotency.
The Wnt/β-catenin pathway and Nanog are key regulators of embryonic stem cell (ESC) pluripotency and the reprogramming of somatic cells. Here, we demonstrate that the repression of Dkk1 by Nanog, which leads indirectly to β-catenin activation, is essential for reprogramming after fusion of ESCs overexpressing Nanog. In addition, β-catenin is necessary in Nanog-dependent conversion of preinduced pluripotent stem cells (pre-iPSCs) into iPSCs. The activation of β-catenin by Nanog causes fluctuations of β-catenin in ESCs cultured in serum plus leukemia inhibitory factor (serum+LIF) medium, in which protein levels of key pluripotency factors are heterogeneous. In 2i+LIF medium, which favors propagation of ESCs in a ground state of pluripotency with many pluripotency genes losing mosaic expression, we show Nanog-independent β-catenin fluctuations. Overall, we demonstrate Nanog and β-catenin cooperation in establishing naive pluripotency during the reprogramming process and their correlated heterogeneity in ESCs primed toward differentiation.